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SUMMARY

An experimental investigation using relatively small laboratory-type
test contalners was made in order to obtain some insight into the possi-
bility of using lithium hydride for cooling applications where high heat
loads are encountered.

When lithium hydride was heated from room temperasture to 1880° F at
ground level atmospheric pressure, the material absorbed about 6000 Btu
per pound, which indicated that about 75 percent of the lithium hydride
was dissociated. The cooling characteristics of dissociating lithium
hydride were therefore evaluated with two types of instrumented stainless-
steel containers that could be electrically resistance heated. Both types
were closed at one end. One type contalner was a l/2-inch-diameter tube,

10 inches long; the other type was l% inches square and 3 inches high.

From heating runs made with the l%—inch—square containers at hest

fluxes of the order of 30 to 40 Btu per second per square foot, it was
found that dissociating lithium hydride probably can be used as an effec-
tive heat sink provided that certain undesirable cocoling characteristics
can be tolerated. The container must be so designed that there is =
large ratio of free surface area to volume for the lithium hydride, and
the hydrogen vent system must confine the coolant to the container during
the dissociation periocd. During dissociation the cooling characteristics
are likely to be erratic and unpredictable, and relatively large tempera-
ture gradients may occur in the container wall. Some of these unfavor-
able cooling characteristics can be reduced by the addition of about 13
percent pure lithium to the lithium hydride charge.

The large amounts of hydrogen gas liberated during dissociation made
it impractical to use lithium hydride as a high-capacity heat sink 1A
containers having a dlameter of 1/2 inch and a heat input of 10 Btu per
second per square foot. In containers with such small diameters the
liberated gas expelled the lithium hydride from the contailner before a
practical amount of dissociation had occurred.



INTRODUCTION

Because of 1ts high heat of dissociation per unit of weight and the
temperature at which dissociation starts, lithium hydride appears to be
a desirable heat-sink materisl for cooling applications such as those
encountered in hypersonic airplanes, space planes, reentry vehicles, and
solid-propellant rocket engines if its heat-absorption capacity can be
used effectively. An experimental investigation was therefore made with
laboratory-type equipment to determine the feasibility and effectiveness
of utilizing lithium hydride as a heat sink in applications for tempera-
tures up to the order of 2000° F and heat fluxes up to 30 or 40 Btu per
second per square foot.

It can be shown that when the speciflc heat and heat of fusion of
lithium hydride are considered, the material can absorb about 3260 Btu
per pound when it is heated from 77° F to about 1500° F. If the material
could also be dissoclated, an additional amount of heat of the order of
4500 Btu per pound could be absorbed. For the temperature range consid-
ered, lithium hydride would then be capable of absorbing more heat per
unlt of weight than any other material known to the authors. Reference
1 shows that dissociation of lithium hydride starts at about 15000 F at
1 atmosphere of pressure and that only a small portion of the lithium
hydride will dissociate at this temperature unless the pressure is re-
duced. For the most effective use of 1lithium hydride as a heat sink, it
_.should be utilized at temperatures and pressures that permit a consider-
able portion of the material to dissoclate. From data that are presented
in reference 1 it 1s 1ndicated that even at a pressure of 200 millimeters
of mercury only about 80 percent of the lithium hydride would dissociate
at a temperature of 1517° F. In order to dissociate more than about 92
percent of the lithium hydride at this temperature, a pressure of less
than 8 millimeters of mercury would be required. No information appears
to be in the literature concerning the amount of dissociation that occurs
at higher temperatures.

The high-temperature components of hypersonlc airplanes, space
planes, reentry vehicles, or solid-propellant rocket engines could possi-
bly be fabricated from alloys that have reasonable strength and durability
at temperatures as high as 1800° to 2000° F. Reference 2 shows that when
the leading-edge regions of a typical hypersonic alrplane were cooled to
1800° F, the associated heat fluxes ranged from 15 to 95 Btu per second
per square foot. It was also suggested in reference 2 that lithium hy-
dride might be a possible coolant for the leading-edge portions of the
airplane.
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The present investigation was made, therefore, to determine whether
a significant portion of the potential heat-sink capacity of lithium hy-
dride can be realized at temperatures several hundred degrees higher than
1517° F (the temperature at which dissociation starts at 1 atm of pres-
sure). It was also desired to obtain some general idea of the cooling
characteristics of dissociating lithium hydride for temperatures up to
about 2200° F.

The heat-sink capacity of lithium hydride was evaluated in a calo-
rimeter at a pressure of about 1 atmosphere and a temperature of 1880° F
for a heat flux into the lithium hydride of 13 Btu per second per square
foot. The general cooling characteristics of dissociating lithium hy-
dride were evaluated in two types of electrically heated containers, one
with a low and one with a high ratio of free surface area to volume for
the liquid lithium hydride. The heat flux into the coolant was 10 to 40
Btu per second per square foot, and the maximum container wall tempera-
ture was about 2200° F.

APPARATUS

The effectiveness of the lithium hydride cooling process for ambient
ground-level atmospheric pressure was established in a calorimeter such
as that shown in figure 1. It consisted of an electrically heated cru-
cible that contained barium chloride salt (melting point, 1765° F). A

2%-inch—diameter stainless-steel lithium hydride container was suspended

in the salt. Thermocouples were placed in the salt bath so that its tem-
perature could be monitored. The voltage to the heating element was ad-
Jjustable, and the power input was recorded on a strip-recording watt-
meter.

The cooling characteristics of dissociating lithium hydride were
investigated in two types of containers, one with a relatively low total
volume and a low ratio of liquid lithium hydride free surface area to
volume and the other with a relatively large volume and a large ratio of
liquid lithium hydride free surface area to volume.

The small-volume contalner was made from l/2-inch—diameter type 302
stainless-steel tubing with a wall thickness of 0.031 inch. The lower
end of the tube shown mounted in the test apparatus in figure 2 was
sealed, and the upper end was fitted with a l/4—inch tube to vent the
hydrogen gas evolved during dissociation. The l/2-inch-diameter tube
was used because it approximates the leading-edge size of the wing of a
hypersonic airplane or the tube size that might be used in a conventional
heat exchanger. During the experiments the tube-type lithium hydride
contalners were placed within an insulated box as shown in figure 2.



The large-volume containers were square in cross section (fig. 3).
The containers were made from 0.031-inch-thick type 314 stainless steel.
The bottom extended 1/2 inch on opposite sides of the container to permit
the connection of electrical leads for heating purposes. This container
was insulated and mounted for test purposes as shown in figure 3(b). In
some of the tests a cover with a S/B-inch—diameter vent tube was welded
on the top of an open container as indicated by the dashed lines in
figure 3(b).

Chromel-Alumel thermocouples were spot-welded to the walls of the
test containers so that their temperatures could be monitored continu-
ously. ©Seven thermocouples were placed on the tube-type containers (fig.
2); five thermocouples were placed on the bottom of the square-type con-
tainers (fig. 3(c)).

PROCEDURE

Throughout this investigation lithium hydride powder or compacted
lithium hydride powder was used. In all cases the powder was commer-
cially available Class V powder (guaranteed assay is 93 percent and all
particles pass through 35 mesh screen).

The cooling effectiveness of lithium hydride was evaluated in the
calorimeter described previously. The procedure was first to bring the
calorimeter to a thermal equilibrium condition with the lithium hydride
container empty and the salt bath at a temperature of about 1880° F
(this was near the maximum temperature capabilities of the calorimeter).
At this equilibrium condition the heat (or power) input, as indicated by
the recording wattmeter, was constant with time. Lithium hydride charges
that consisted of compacted cylinders of lithium hydride powder were then
dropped into the container through the vent tube (fig. 1). These cylin-
ders were about 1/2 inch in diameter and weighed about 5 or 6 grams.

Only one cylinder was used for a given test run. When the 1ithium hy-
dride was placed in the container, the temperature of the salt bath was
maintained at a constant value by increasing the power input to the cru-
cible. The test was continued until the power input level returned to
the level that existed for the equilibrium condition prior to the intro-
duction of lithium hydride into the system. The amount of heat absorbed
by the lithium hydride was assumed equal to the additional electric power
required to maintain a constant salt bath temperature. Calibration tests
of the calorimeter indicated that the maximum heat flux into the 1lithium
hydride container was about 13 Btu per second per square foot.

The effectiveness of the lithium hydride cooling process was assumed
to be equal to the heat absorbed by the lithium hydride divided by the
theoretical amount of heat that would be absorbed by a completely disso-
ciated lithium hydride charge when heated from room temperature to the
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temperature of the salt bath (1880° F). A sample calculation for deter-
mining the amount of heat that can be absorbed by lithium hydride when

it is heated from room temperature to 2000° F and assumed to be completely
dissociated is presented in the appendix.

The cooling characteristics of dissociating lithium hydride were de-
termined in both the tube- and square-type containers. Each test con-
tainer was charged with 15 grams of lithium hydride powder within a dry-
box. For the tube-type container, the 15-gram charge filled the tube to
a depth of about 10 inches. For the square-type containers, the depth of
charge was about 3/4 inch as indicated in figure 3(b).

In order to prevent contamination of the lithium hydride charge from
air or moisture while the container was being transported and installed
in the test equipment, the tops of the containers were sealed while the
containers were still in the drybox. For the tube- and square-type con-
tainers with a cover and vent tube assembly, a cork was placed in the end
of the vent tube. For the square-type containers with an open top, a
plastic film cover was placed over the end of the contalner.

The cork plugs on the tube-type containers were loosened immediately
prior to the start of a test and were permitted to remain loosely on the
top of the vent tube until evolution of hydrogen during the dissociation
process forced the cork from the vent tube. For the square-type con-
tainers with a cover and vent tube assembly, the vent tube was bent into
an inverted U-shape with the cork in place. Immediately prior to test-
ing, the end of the vent tube was submerged in kerosene and the cork was
removed. For containers with plastic covers, the covers were permitted
to remain in place until they were burned off after the heating cycle for
a glven container was started.

For each type of container configuration investigated, a given con-
tainer was charged only once with lithium hydride and heated. This pro-
cedure was followed in order to avoid the use of containers that might
have become corroded or otherwise damaged during a previous run and thus
would affect subsequent cooling results.

The initial experiments consisted of (1) heating empty containers at
a given electric input and obtaining the time-temperature relation for
the containers, (2) charging the containers with 1ithium hydride, and (3)
repeating the heating cycle with the same electric input that was origin-
ally used for heating the empty container. The time-temperature rela-
tions of the charged containers were then compared with those of the
empty containers, and the cooling performance of the lithium hydride was
evaluated by observing the differences between the time-temperature
curves of the empty and the charged containers.



In some instances pure lithium was added to the lithium hydride in
order to determine whether such an additive would improve the heat-
transfer characteristics of the lithium hydride.

RESULTS AND DISCUSSION
Cooling Effectiveness

The cooling effectiveness of lithium hydride when heated from room
temperature to 1880° F at constant ground level pressure was obtained by
the method ocutlined in the PROCEDURE. Calibration tests indicated that
the maximum net heat flux into the lithium hydride was about 13 Btu per
second per square foot.

A total of six separate runs was made to determine the overall ef-
fectiveness of the cooling process. Effectiveness values (the ratio of
the actual heat absorbed by the lithium hydride to that of the ideal
amount of heat that would have been absorbed between 80° and 1880° F if
100 percent dissociation had occurred) ranged from 0.70 to 0.97; the
average value of effectiveness for the six runs was 0.83. This average
indicates that complete dissociation did not result for the conditions of
the tests. If the lithium hydride is assumed to have melted completely
and the heat absorption values given in the appendix are used, the infer-
ence may be made from the results that at 1880° F only about 75 percent
of the lithium hydride was dissoclated in the experiments. The effec-
tiveness value of 0.83 represents a total heat-sink capacity equivalent
to about 6000 Btu per pound, which is a substantial heat capacity com-
pared with other possible heat-sink materials. Even though complete or
nearly complete dissociation was not achieved, the indication of favor-
able overall cooling effectiveness warranted investigation of the cooling
characteristics of disscociating lithium hydride.

Cooling Characteristics of Dissociating Lithium Hydride

Tube-type container. - Two test runs were made with charged 1/2-inch-

diameter tube-type containers following the procedure discussed previously.

Calibration tests indicated that the heat flux into the lithium hydride
was about 10 Btu per second per square foot. For both runs the time-

temperature data obtained were very erratic for all thermocouple locations.

In general, it appeared that the lithium hydride was not cooling the con-

tainer to any silgnificant degree. During the runs considerable guantities
of molten material were ejected from the vent tube. After the containers

had cooled at the conclusion of the tests, they were examined to determine
their internal condition. Practically all the material originally in the

containers was gone. The fact that the containers were essentially empty,
in addition to the very poor cooling results, seemed to indicate that as
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the lithium hydride reached the temperature at which dissociation starts
(about 1500° F) the liberation of hydrogen gas was so great that it se-
verely agitated the molten contents within the container. As the gaseous
hydrogen passed upward through the container and out the vent tube, large
amounts of molten lithium hydride were carried along and expelled from
the container. In this manner most of the lithium hydride coclant was
ejected from the container before complete dissociation took place.

It was concluded from these results that dissociating lithium hy-
dride would not function suitably as a coolant in & l/Z-inch-diameter
tube where the heat input into the lithium hydride was of the order of
10 Btu per second per square foot.

Square-type container. - Because of the difficulty encountered in
attempting to employ dissociating lithium hydride as a coclant in a rela-
tively small diameter and small volume tube, it was thought that a con-
tainer having a larger volume and cross-sectional area than the tube-type
container might permit the lithium hydride to cool more effectively. A
1
2
was therefore arbitrarily selected. Such a container has relatively

container 13 inches square and 3 inches high, as described previously,

large cross-sectional area (2% sq in.) compared with that of the tube-

type container (0.196 sq in.). Also, the volume of the square-type con-
tainer was 3.5 times that of the tube-type container. The larger cross-
sectional area and volume cf the sgquare-type contalner were expected to
result in entrapping a smaller quantity of lithium hydride in the liber-
ated hydrogen and carrying it out of the container.

The square-type container does not represent a known type of direct
application for a cooling device. The general principle, however, could
possibly be used in some dual coclant system where a high-temperature
cooling fluid would transfer its heat to the lithium hydride in a suit-
able heat exchanger.

For all the tests made with square-type containers, the electric
power input to the container was maintained at a constant value of 2000
watts. Calibration tests indicated that this power input resulted in a
net heat input to the lithium hydride of the order of 30 to 40 Btu per
second per square foot.

The square-type container was first investigated with an open top
as illustrated in figure 3(a). The initial charges placed in the con-
tainer consisted of 15 grams of lithium hydride powder. Three separate
runs were made (fig. 4). The boundaries of the dark areas shown in fig-
ure 4 represent the minimum and maximum temperatures as indicated by the
five thermocouples on the bottom of the container. For comparison, the
results of heating an empty square-type container are shown in figure



4(a) by the light area bounded by curves that indicate the minimum and
maximum temperatures measured on the bottom of the empty container.

During the runs with the open-top containers it was observed that
after about 5 minutes of heating, violent agitation of the fluid within
the containers would occur and much of the coolant would be ejected from
the container. As the hot fluid was ejected, it would severely attack
the insulation on the containers; furthermore, a hydrogen fire would
generally start. This behavior would, of course, affect the heat-transfer
characteristics and the temperatures of the containers. The significance
of the data in figure 4 after 5 minutes of operation is therefore ques-
tionable. Because of the difficulties, the open-top-contalner tests were
terminated after 6 or 7 minutes of operation.

In spite of the ejection of coolant from the open-top containers,
it 1s believed that the temperature data of figure 4 are of some general
use and that several conclusions can be made. Comparison of the tempera.-
tures of the charged containers with those of the empty container indi-
cates that the lithium hydride is absorbing heat and contributing to the
% minutes of operation ’
the empty container reaches temperatures of the order of 2400° F, while
the charged containers reach a maximum temperature range from about
1480° (run 2) to 1730° F (run 3). For run 3, however, a maximum tempera-

cooling of the containers. For example, after 3

o

ture of 2000° F was reached after 2% minutes of heating, followed by a

decrease, and then a leveling off of the maximum temperature for the
balance of the run.

Figure 4 also shows that considerable variation in the time-
temperature relation can result from run to run. For run 1 the behavior
of the minimum and maximum temperatures nearly parallel each other, that
is, when one reverses trend, the other alsoc reverses. On the other hand,
run 3 is quite erratic; in some instances the trends of the minimum and
maximum temperatures are in opposite directions. The erratic cooling
can result in some rather large temperature differences on the bottom of
the containers. Run 1 generally exhibited temperature differences of
approxinately 100° to 200° F during the greater portion of the test pe-
riod. Run 2 shows a rather large temperature spread during the first 3
minutes of heating with temperature differences of approximately 500° F

occurring in the time interval from 1 to l% minutes. After about 5% min-

utes of operation the spread is reduced considerably and ranges from 60°
to 150° F for the balance of the run. Run 3 exhibited temperature spreads
of the order of 600° F dquring the first 1/2 minute of operation; from

G8.L-d

1/2 to li minutes the temperature spread was asbout 80° to 150° F. After -

2

l% minutes the temperatures became very erratic with temperature spreads

ranging from nearly 100° to 500° F for the time interval from l% to 5

minutes.
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The unpredictable and erratic behavior of the temperatures on the
bottom of the container, which can result in large temperature differ-
ences over distances of about 1 inch or less, would be undesirable in
most cooling applications. In cooling systems where the maximum allow-
able temperature might be limited to a value of 2000° F, the erratic be-
havior of the coolant might lead to local hot regions that would be
structurally undesirable. Furthermore, the large temperature gradients
might induce thermal stresses that would lead to early structural
failure.

The erratic behavior of lithium hydride as a coolant 1s not clearly
understood. The bubbles of hydrogen gas that form within the molten
lithium hydride as dissociation occurs may remain attached to the bottom
portion of the container for significant lengths of time. The hydrogen
gas within the bubble would provide a poor thermal conductor relative to
lithium hydride. As a result, the temperature in the container wall
would rise in the region surrounded by the bubble until such time that
the hydrogen gas is dissipated and replaced by liquid lithium hydride
and/or lithium.

Another possibility that may have contributed to the erratic behav-
ior of the temperatures on the bottom of the container was the use of
electrical resistance heating. Inasmuch as one of the products of the
dissociation process is molten lithium, which 1s a good electrical con-
ductor, the possible accumulation of lithium in local areas on the bottom
of the container during dissociation could perhaps change the local elec-
trical resistance and thus the local temperatures measured on the con-
talner bottom. Because the density of lithium is about 36 percent less
than that of lithium hydride, and because of the active agitation of the
fluid within the container during the dissociation process, it may be un-
likely that significant gquantities of lithium would accumulate on the
bottom of the container. In any event, it is difficult to predict accu-
rately what effect local collections of lithium on the bottom of the con-
tainer might have on the temperature behavior and distribution. This
difficulty is caused by many factors such as the size and stability of the
local lithium deposit, the solubility of lithium in lithium hydride, the
electrical contact between the lithium and the bottom of the contalner,
the actual current paths in the system, and the thermal conductivities
of the materials involved, which would all affect the local transient
temperatures. In order to obtain some idea of whether the local tempera-
ture would be seriously affected by possible local deposits of lithium
when the container bottom was electrically heated, several flame-heated
containers charged with lithium hydride were investigated briefly.

The time-temperature patterns that resulted for the flame-heated
container were compared with those of electrically heated containers for
similar heat fluxes. The temperature patterns and the temperature dif-
ferences were essentially the same for both heating methods. From this
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evaluation it was felt that the effects of changes in local electrical
resistances caused by possible local concentrations of lithium on the .
bottom of the container were not & significant influence on the local
temperature and would not greatly affect the results reported herein.

Inasmuch as lithium hydride does not melt until it reaches a temper-
ature of about 1270° F, the powder within the container might hinder con-
siderably the Loat-transfer process from the container wall to the lithium
hydride until all the lithium hydride actually reached its melting tem-
perature. If g relatively low-melting-point slurry could be produced by
adding a low-melting-point material to the lithium hydride, the mobility
and, therefore, the heat-transfer characteristics of such a slurry possi-
bly would be superior to that of the lithium hydride powder alone. Any
additive must, of course, be compatible with lithium hydride. Flakes of
lithium (melting point of 354° F, ref. 3) were added to lithium hydride
in two different amounts in order to provide a low-melting-point slurry.
In one case a mixture of 13 grams of.lithium hydride and 2 grams of
lithium was tested, and in another, a mixture consisting of 11 grams of
lithium hydride and ¢ grams of lithium was used; the percentages of
lithium by welght in these mixtures amcunted to about 13 and 26 percent, .
respectively.

G8L-H

The results for charges containing 13 grams of lithium hydride and
Z grams of lithium are presented in figure 5. Figure 6 summarizes the
results for charges containing 11 grams of lithium hydride and 4 grams
of lithium. TFor comparison purposes, the time-temperature relations of
an empty container and of a 15-gram lithium hydride charge (run 1, fig.
4(a)) are replotted in figures S(a) and B(a). Run 1 of the tests with
the 15-gram lithium hydride charges was selected for comparison because,
in general, it had the least temperature spread and could probably be
considered the best of the three runs illustrated in figure 4.

The difficulty of the coolant being expelled from the container
after about 5 minutes of heating alsc occurred for the runs with the
lithium additive. As a consequence, the results in figures 5 and 6 for
heating periods greater than 5 minutes are not significant.

A comparison of the results with the lithium additive (figs. 5 and
6) with those contalning only lithium hydride (fig. 4) show no signifi-
cant temperature differences during the first minute of heating (the time
required for the lithium hydride to reach its melting temperature of
1270° F). The similarity of all the results during the first minute of
cperation indicates that the addition of lithium did not improve the
heat-transfer characteristics of the lithium hydride before it reached
its melting point.

A comparison of the temperature patterns of figures o and 6 with
those of figure 4 after 1 minute of operation indicates that a more uni- .
form temperature on the container bottom results when lithium was added
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to the lithium hydride charge. Extremely erratic heating such as en-
countered in run 3 of the 15-gram lithium hydride charge (fig. 4(c)) was
not encountered in any of the runs in which lithium was added to the ini-
tial charge. In general, the spread between the minimum and maximum tem-
peratures was less than that with lithium hydride only. Also, the peak
temperatures reached during the first 4 minutes of heating were less for
the runs with the lithium additive. A comparison of the results of fig-
ure 5 with those of figure 6 does not show any marked differences; there-
fore, the charge with 4 grams of lithium does not seem to have any advan-
tage over a charge with only 2 grams of lithium.

From these results it appears that the addition of lithium to form
a low-melting-point slurry of lithium and lithium hydride does improve
the coocling after the first minute of the heating cycle. The addition
of lithium, however, decreases the amount of lithium hydride in a given
charge and therefore potentially decreases the heat-absorbing ability of
the charge by the dissociation process.

As mentiocned previously, considerable difficulty was encountered
with respect to retaining the coolant within the open-top container
after about 5 minutes of heating. In an attempt to confine the coolant
within the container and to prevent destruction of the insulation and
ignition of combustibles, a vent system such as that mentioned in the
APPARATUS was attached to two of the square-type containers. These con-
tainers were charged with 15 grams of lithium hydride powder, and two
runs were made with constant electrical heat inputs of 2000 watts. The
duration of heating for one run was 15 minutes; for the other run the
heating time was terminated after 10 minutes because of a failure in the
vent-tube attachment.

In general, the vented cover for the square-type container prevented
ejection of the fluids from the container and thus prevented loss of
dissociation potential and destruction of the insulation around the con-
tainer and also eliminated combustion in the vicinity of the experiment.

The time-temperature results of the tests made with the vent system
are shown by the crosshatching in figure 7 for both runs. The tempera-
tures plotted are the minimum and maximum temperatures as indicated by
the five thermocouples on the bottom of the container. Also shown in
figure 7 by the dark areas are the temperature histories of two of the
three open-top container runs made with 15 grams of lithium hydride and
first discussed in figure 4. In figure 7(a) the dark area is from fig-
ure 4(a), which represents the best of the temperature patterns from
figure 4; while in figure 7(b) the dark area is from figure 4(c), which
is the most erratic temperature pattern from figure 4.

The results of the two runs for the vented-top containers indicated
that considerably different temperature patterns can result from run to



run, much the same as was experienced when open-top containers with 15
grams of lithium hydride were tested. Run 1 (fig. 7(a)) exhibited a

fairly uniform temperature increase with heating time, but run 2 (fig.
7(b)) exhibited an erratic temperature behavior for the time interval

from l% to about 5 minutes. After € minutes of heating, both runs ex-

hibited good cooling with relatively small differences between the mini-
mum and maximum temperatures. After 10 minutes of heating, the mean
temperatures for runs 1 and 2 were about 1770° and 1800° F, respectively.
This trend indicated that, in spite of the erratic behavior of run 2 dur-
ing the initial 5 minutes of heating, both runs achieved approximately
the same temperatures after 10 minutes of operation. For run 2, after

15 minutes of heating, the minimum and maximum temperatures were 2150°
and 2270° F, respectively; these compare to minimum and maximum tempera-
tures of approximately the same values for an empty container (fig. 4(a))

after only ZZ minutes of heating. Effective cooling was therefore

achieved in the vented-top containers for longer periods of time than in
the open-top containers. This difference resulted, of course, from the
fact that no coolant was ejected from the container with the vent system
attached.

The erratic behavior of run 2 (fig. 7(b)) is not clearly understood,
but may have been caused by the formation of hydrogen bubbles attached to
the bottom surface of the container as discussed previously for the open-
top containers. Another possibility for the erratic behavior of the
vented-top container might be that when dissociation starts and agitation
of the fluid within the container begins some remaining solids or rela-
tively viscous flulds may enter and block the vent tube. Such blockage
would result in an increased pressure within the container and cause the
dissociation process to be retarded and therefore the container tempera-
ture to be increased. As the temperature increased within the container,
the material causing the blockage in the vent tube would be melted, the
blockage would be removed, and the pressure within the container would be
reduced and an increased dissociation rate and a reduction in the con-
tainer temperature would result.

CONCLUDING REMARKS

The results of investigating lithium hydride as a possible heat-sink
material for use in the cooling of the structural components of hypersonic
airplanes, space planes, reentry vehicles, and solid-propellant rocket
engines indicate that effective use of its heat-sink potential is possible
and that under the proper conditions lithium hydride can probably be used
as a coolant provided that certain undesirable cooling characteristics
can be tolerated. The results obtained herein were for a limited range
of heat fluxes (10 to 40 Btu/(sec)(sq ft)) and relatively short periods
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of operation (6 to 15 min). The problems that may be encountered from
higher heat fluxes, long time operation, or repeated use of an actual

system (such as corrosion, buildup of deposits on the container walls,
clogging tendencies 1n the vent system, etc.) were not considered.

For a temperature of 1880° F, ground level pressure, and a maximum
heat flux of 13 Btu per second per square foot, about 75 percent of the
lithium hydride dissocilated and its heat-sink capacity for these condi-
tions was equivalent to about 6000 Btu per pound. The effects of higher
temperatures or other heat fluxes are not known. It should be polnted
out that lithium hydride has very good heat-sink capacity even wilthout
the additional benefits of dissociation; it may therefore be an attractive
coolant or heat sink for certain applications where it would not be neces-
sary for it to dissociate.

It appears that for the heat fluxes investigated (10 to 40
Btu/(sec) (sq ft)) and the type of experimental container employed, the
cooling characteristics of lithium hydride during dissociation are such
that erratic and unpredictable temperatures often resulting in large tem-
perature gradlents can occur in the container walls. Although dissocia-
tion can be expected to start at a temperature of about 1500~ F for am-
bient ground level pressure, temperatures approaching 1900° F are re-
quired in order to dissociate more than about 75 percent of the material.
The combination of erratic temperature behavior, high local temperatures,
and large temperature gradlents may make dissociating lithium hydride an
unsatisfactory coolant from the structural design standpoint.

This investigation also indicated that relatively large ratlos of
the free surface area to volume of the liquid lithium hydride are re-
quired to obtain effective cooling. Lithium hydride does not appear to
be a sultable coolant when confined to tubes having a diameter of 1/2
inch even for heat fluxes as low as 10 Btu per second per square foot.
Successful use of dissociating lithium hydride in a practical cooling
system will require considerable development.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, December 15, 1961
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APPENDIX - CALCULATION OF HEAT ABSORBED BY DISSOCTIATION OF
LITHIUM HYDRIDE FROM ROOM TEMPERATURE TO 2000° F

The calculation to determine the theoretical heat content of lithium
hydride for the temperature range from room temperature to 2000° F was
the conventional type of heat calculation but slightly modified because
of the uncertainties of the actual value of the heat absorbed by lithium
hydride in the dissociation process. Inasmuch as the value for the
amount of heat absorbed by lithium hydride during dissocistion at a tem-
perature of about 1517° F has not been established, the heat absorbed
during dissociation was assumed equal to the heat of formation of lithium
hydride. Because the heat of formation of lithium hydride is generally
given for a standard temperature of 77° F (25° C), the calculation proce-
dure employed herein was as follows:

(1) Assume that dissociation of the lithium hydride occurs at 77° F
(25° ¢) and that the individual elements of lithium and hydrogen then
remaln to be heated to thelr respective final temperatures.

(2) Assume that the lithium was heated from 77° F to a final tem-
perature of 2000° F.

(3) Assume that the hydrogen gas was heated from 77° to 1517° F and
that at this temperature all the gas was vented from the system.

(4) Assume that no recombination of the lithium and hydrogen with
each other occurs.

The heat of formation of lithium hydride was taken as -21.6 kilo-
calories per mole (ref. 1). The enthalpy values for lithium and hydrogen
for the range of temperatures concerned herein were obtained from the
tables of reference 3. A summary of the heat gbsorbed by the dissocia-
tion process and the heating of the lithium and hydrogen is as follows:

Heat absorbed by dissociation at 77° F, keal/mole . . . . . . . . 21.6%
Heat absorbed by lithium between 77° and 2000° F, kcal/mole . . . 8.055
Heat absorbed by hydrogen between 77° and 1517° F kcal/mole . . 2.835

Total . . . . 32.490

84890 Btu/1b.

This total heat absorbed converts to a value of 4.087 kilocalories per
gram or 7355 Btu per pound.

S8L-H



E-785

15

REFERENCES

1. Messer, Charles E.: A Survey Report on Lithium Hydride. NY0-9470,
AEC, Oect. 27, 1960.

2. Esgar, Jack B., Hickel, Robert 0., and Stepka, Francis S.: Prelimi-
nary Survey of Possible Cooling Methods for Hypersonic Aircraft.

NACA RM E57L19, 1958.

3. Anon.: JANF Interim Thermochemical Tables. Vol. 2. Thermal Lab.,
Dow Chemical Co., Dec. 31, 1960.



16

=1
I
\)
~Vent tube &
/
1 / ~Firebrick
Z-é—in. -diam. e P20 % ‘ // cover

container—,

Protective
metal
covering

\
LLLLLLLL L

| \ M Molten salt
| “—Crucible

L Heater winding covered
by refractory cement

Figure 1. - Calorimeter-type apparatus for determining efficiency
of lithium hydride coolinz process.



2A

E-785

Vent tube to atmosphere

: Tﬁerrrioc oupie.

Tube-type
container :

Electrode:

Figure 2. - Tube-type lithium hydride container installed in electrlcal resistance
heating apparatus.



E-7d0

P ISUTEJUOD 9PTJIPAY WYyl odAy-samnbs - "¢ 2anBtg

* SUOT38O0T
aTdnooowrayy JuLmOys
IBUTEIUCD JO MOTA WOR30g () ' ISUTBIUOD PIFBTNSUT JO UOTR098 §850I) (q)
A SIPOLLODTH —mm,
-~ ~
6969-00 7 P
: T UOTABINSUT =1y
1.2 | —— b —/

# 777 -

v/57 727/ I
=r TN
=1 ’

L] 1] A= e
S ¥
3 x
/ ¥
\ ¢ x (vur < uadep) — =
/ asprod =l =
/I ox x SpTApAY = =
! e e TNIYITI — —_—
s 0T
S B~ tren
\ / “ ﬁ\lﬁlL _HHHHHH ISUTBIUO)
e—————— | !
sy ~ \ﬁ e m
17, —— | =
Nmno.ﬁpmuoa aTdnooomarayy, Hl_ _m
— f—
bt e
_ _ ~~~—/—uotgemsur
FUsA

18

" I3UTBRUOD pPOJBTNSUTUON (®B)

2

Wl

<




19

»zopnod SPTIPAY WNTULTT JO Swesd OT Y TM pelteys Jaursjuod dog-usdo Jo sinsal aangeisdws] - % 24nITd

o

"¢y (9)

‘2 und (q) T uny (&)
utw ‘SWL]
g 9 4 2 0 B 9 ¥ 2 0
00%
008
0028T
1 009 T
0002
00%2

JauTtequod Andum
JI8UTBIUOD pPadaey)
] ]

S8.L-H

Ao ‘eanaexadus]



20

. M‘.N

85

UMTYSTIT JO swexd g snTd

SPTIPAY UNTULTT JO sweId ¢T UYrTm podasye JouTequoo dog-uado Jo saTmssd aangsIlsdws] - *¢ 2an3Td

ey (o)

~H
]
o

'z oy (q)

UTW ‘BUWT]

g ¥ 4

HTI 8 GT
IBUTBLUOD PaBIBUD
LTT 8 2 + HI'T 3 21
IBUTBLUOD PaJIBYD

Toutequod Lqdud

|

iz

‘T ung ()

008

002T

009T

0002

00%2

&o foanyeasdus],



mu SUMTYLTT JO suexd » snyd sprJIpAYy UMIYITT JO sueld TT YT peBasyo Jaureijuod doj-usdo JO s3INsal sanarasdws], - *9 2INITH
T oumd (9) 2wy (aq) T uny (®)
utw ‘amty
9 4 2 k4 2 & i4 4 0
00%
1
. 008
+ T B
0021
; 0002
HYT 8 GT
: IDUTBRUOD PIJIBYD 00%2
I8 % + HTI 3 TT
1ISUTBLUOD DIBIBYUD W
Tautejuod Aduyg -2 ;

* - SBL-H

3

do faanjexsdwa],



22

97

E-785

*oPTIPAY UNTYFTT JO sweld GT Y34 PoBasys poutsjuod doj-psjuss I0I siTusax sangeladms] - -/ sIndTd

¥T

2T

0T

‘2 uny (q)

W ‘W],
8 9 ¥ 2

T ung (o)

0 0T 8 9 14

ASSSST
S N

008

002t

0081

Jautequcs doj~pajusp
Jsuteiuod dog-uadp
1 | I

/1

0002

007v2

Io “aanysaadus],

E-785

NASA-Langley, 1982






1



VSVN

(-seamonms ‘g
‘Iay)o ‘sTElIoYeN ‘92
uoTNQLIISTP VSVYN Teniul)

8611-d N.IL VSVN ‘Il
'O Maqod ‘PAOTH 1T
3eqoy D ‘esIoNW 1

uojBuIgsEM ‘ YEVN WOLJ B[QEUTEO SAHG0D

(33 bs) (998)
/mid 0% 03 0T Woay pasuea sjuswLIadxs ag) I0) SIXNTY
Jeay ay], -edouewzolrad SuT00d 9y} 9yENTEAd 0} dWIN
Suryesy JO UOTIOUN] B S€ POUTEIGO 8IaM EIIUTEIUOD U}
j0 sarmeradwa) TTEM “UT QT JO Buat € pue ‘ur /1
JO I2}9WEIP B YA 5003 € Sem ad£y xoqio ayl Yy
*u1 ¢ pue aIenbs "uy Z/1-1 SeM IOUTEIUOD JO ad4y suQ
*Jd o002Z 03 pajeay 9OUE}SIBAL A[reota3oate pue Jsp
-mod aptIpAy umigif Jo 3g1 yHM padJeyd SIaUTEIUCD
UT PAUTWLIAYSP AIaM IPLIPAY WNTY] JUTIRIDOSSIp JO
§5TIS1I9}08IEYD 3uri00d 3} ‘d 0881 10 sanjearadwa)
® 1% [BLI0JEW YUIS-}EoY € ST SPLIPAY WINTRHI] JO
g8suaAndege renusjod oy} SuturTurIsiep 03 UOTIIPPE uj

(861T-(I TLON TVIINHOAL VSVN)

*g40$ ‘eorxd 510

*dgz 'Z961 AW ‘TOMOTH O }3q0Y pue asIOW
Weqod "D “TVIMALVIN JINIS-LVEH V SV IAJAH
WAIHLYT 40 NOLLVOLLSTANI TVINIAWNHIdXH

- UOENISTUTWIPY 208dS pue SOTNEPUOIaY [euoTjeN.

8611-d NI VSVN

VSVN

(sarmonns ‘zg
‘xoqyo ‘srerxoe ‘92

uonnqLISTP VSYN rentul)

86TT-d N.IL VSVN "I
‘O W8qod ‘PMTH I
WBeqoy D ‘98I0 ‘I

uoyBurysem *VEYN WoJj d[qeureqo 5310

(33 b8) (095)
/md 0% 03 0T Wwoly pades syuemniredxs ayq) 10J SIANTF
yeay ay], -sourmaolrad 3ur(ooo oYy ayenteAd 0} Wy
Surjeay JO UOROUN] B S PIUTEIQO SIIM BXIUTEIUCD 3y}
30 sermjeradwa) [TEM °UT OT JO YISUST € pue "u1 2/1
JO I2)oWEIP € YIA oqn) € sea adA) Jaio oy 8y

© *uy ¢ pue axenbs ‘ur Z/1-1 SeM IBUTEUOD JO adfy auQ

*d 50022 0} Po1Eay BIULISIEIL AmreotrIee pue Jop
-mod JpLIpAY WINTEHT JO 36T YIM padaeyd SIaUTeIuod
Uf POUTWIIS}p 2J9MA IPLIPAY WNTYH| SunBII0ESIp JO
somstIe)oeIEYd 3Ur[000 3} ‘4 50881 JO aamyeradwol
¢ Je TeLIajew JUI8-1eay € s pLIpAY WnnpIy Jo
gsauaanOafye renuajod ayy Surururis)ep 0} UOTIIPPE Ul

(8811-4 ALON "TVOINHOAL VSVN)

gL 0$ ‘eowad SLO

-dzz 2961 LB "TeNOIH °*O 113q0Y pu® ISIOW

Wweqoy ‘D IVIMALVI JNIS-LVIH V SV AAHJAH

WAIHLIT 30 NOLLVOLLSTANI TVINIWIHIdXH
-yoryenSTUTIpY 80edS pue SOTINEUCISY [EUOREN .

8617-d N.L VSYN

VSVN

(*seamonms ‘g5
‘om0 ‘STelIsYe ‘92
:uOTNAIIISIP VSVN Te1Hul)

8611T-d NI VSVN ‘III
"0 Weqoy ‘TeWITH I
3eqoy "D ‘e8I0OW I

BOIIEEM ‘ YSYN WOI} 91qeureIqe sajda)

* (33 bs) (098)

/md 0% 03 0T moxy posuea sjusuwrtredxo ayy X0y sexnyy
jeay oyl -souewaolrad Jurfood ay) ajenTess 0} AW
Burjeey JO UOTIOUN] ¥ S PIUTEIGO SIdM SJISUTEIUCO 3y}
Jo seameradwa) [Tem Ul 0T Jo WBusY ¥ pue "uI 3/1
JO X9jeWEIp B A oqn) ¥ sem ady xapio ay} R ra |
*ur ¢ pue arenbs "ur g/1-1 Sem ISUTEIUOD JO ad£y auQ
*d 50022 O} PAIEAY OUEISISAL Arreornioare pue Iap
-mod aprapAy wnr@Il Jo g1 WM padaeyo SISUTEUOD
Uy paUTWIa}ep 919M IPLIPAY WNIYI] BUNEI208SIp JO
8OTISTI9}0eIEYD BUr[000 3y} ‘d o088T Jo aameradwal
® 1® TeLISJEW NUIS-1€aY € S apUIpAy wnig Jo
s8ausAT}dal2 Tequajod ay) SButurwiialep 0} UOTHPPE UL

(861T-A HLON TVOINHIFL VSVN)

L0 ‘9o1ad SIO

dgg *296T AR "TeWOTH O }I8qOY puE 28I0W
weqoy *D IVIMALVIN JINIS-LVAEH V SV ddNAAH
WNIHLIT 40 NOLLVOLLSTANI TVINTWRHIdXH
‘uoryerstuTupy wod&m pue SOTINEBUOIAY TEUOTEN
8611-d N1 VSVN

VSVN

(-seamionOs ‘g
‘xaqo ‘STElIa)RIN ‘9T

uopNqLIISTP VSVN TeIuD)

g6T1-a NL VSYN "III
'O }eqoy ‘1eNIH I
weqoy ‘D ‘esIoN I

uoIBUTYSEM ‘ VEVN WOIJ S1qEUIEIq0 531d0D)

(33 bs) (098)

/g 0% 03 0T woxy podues sjuswtIadxa ay} I0j §9XNY
Jeay oyl ‘oourwixojrad SuUT[00D Y} SYENTEAS O} dWITY
Surjeey JO UOTIOUN] B S€ POUTEIGO DI9M BIJUTEIU0D 3y}
jo soanjeradwa) [TeM "UT QT JO WBual € pue ‘I g /T
JO X9}oWBIP B YA ogn) & sem adA} Ja0 oyl By
*uT ¢ pue aJenbs ‘ut Z/1-1 SEA ISUTEIUOD JO odf} auQ
*d 40022 01 PajBay SOUEISIE AfreoLnioate pue Iap
-mod aprIp&y wnyyyy Jo g1 Wi padaeqd SIaUTEIUOD
UT POUTWLISOP 2J9M IPLIPAY WNTYHT SurjetoossIp jo
goQS1IeI0eIEYD SuT[00D 8y} ‘Jd 0881 JO sInjeraduiay
® JE TeLIajeW YUIS-}8aY € 5%€ SPLIPAY WNTRII JO
g8ausAT)OoRJo Tenusjod oy SutuTwiiajep 0} UOTITPPE Ul

(8611-A TLON TVIINHOIL VSVN)

gL 0% ‘@dtad SLO

'dgg "z961 AEW 'TeX21H O 313q0d pue asIoW
weqoy ‘) IVIMILVI JINIS-LVIH V SV AA™AAH
WOIHIIT 40 NOLLVOLLSTANI TVINIWHIdXH
*uoTjRIISTUTIPY uodﬁw pue SOTINEUOISY TeuoneN
8611-d NI VSYN







VSVN

(-seamonng ‘gg
tIoqj0 ‘sTerIajye ‘9z
1uoTNqQLIISTp YSVYN Teriul)

86TT-d N.L VSVN "III
*O Woqoy ‘BWOH ‘I
Haqoy D ‘esIo|W 1

unjBuiysem ‘VSYN WOJ} 21qeureIqo S3ido)

*(33 bs) (098)
/g 0% 03 0T Wody padues sjuowtredxe ayy 10} sexn()
jBay oyl “odurwiroirad 3uro0d Iyl 9)eNTeAd 0F dWT)
Sutjeey JO UOTIOUN] B SE POUTEIQO BIaM SJSUTEU0D 3y}
jo seameradwa) [TeM U QT Jo yidua] © pue "u1 Z/1
JO J5joWIEIP & YA aqn] € sem adfy asylo ay) ‘yBuy

*uy ¢ pue aIenbs ‘ur g/1-1 SBAM JDUTEJUOD JO ad£) auQ
*d 50032 03 pajeay soULISIEaL AT[e01I30912 pue Jap
-mod aprapAy wnT@Tl Jo 361 WM padIeyd SIBUTEIU0d
UY poUTWIa)ep 810M SPLIPAY WYY SuT)erd0SSIp JO
80oTIS1I070IRYD 3UlT000 Y} ‘d 40881 JO aanjeradual
® 1 [ELI9JEW JUIS-1EaY B §' apLIpAy wnupi jo
88aUSATIORY)S TERuUMod ay) SutururIolsp 0} UOTIppe Ul

(8671~ TLON TVOINHOHAL VSYN)

‘qL’0¢ ‘ootrad SIO

‘gz 'Z961 AN "TPWOTH 'O 1I3qOY pue ISIOW
eqoy ') IVIMALVI INIS-LVAH V SV IdNAAH
WAIHLIT 3O NOLLVOLLSIANI TVINIWIHIIXI

*uoTIENSTUTWIPY 80edS puE SO1INEUCIdY TEUOTIEN.

8611-d NIL VSVN

VSVN

(saxmponms ‘zg
ftraqyo ‘srerIoleN ‘92

1UORNGLIISTP VSVN Teryul)

861T-d NL VSVYN "I
‘0 1eqoy ‘TOWOTH "I
waqoy ‘D ‘o8I0 I

uoduTyseM ° VEVN WIOJ) 21qEUTRIQO SafdoD

* (33 bs) (098)

/Mg 0F 03 0T woj pa3ues sUsWLIdAXS By} 103 Saxnyy
jyeay ayl, -aouewnrorrad Surjood ay) ajenfess 0} aUIN
Furjeay JO UOTIOUN] B SE PaUTEIqO 9Id9M BIIUTEJUCD M)
30 saameradwa) M Ut 0T Jo WiBuay e pue "ul g/
J0 I3joureIp B YA aqn) € sem adfy Jao ayy By
*up ¢ pue aIenbs ‘Ut Z/1-T SeAM IsurEIU0d Jo adL} 2UQ
*d ,002Z 0} pajeay aduEISI8al ATre2113091@ pue Iep
-mod aprIp&y wnTyIl Jo 3¢T P padrIeyd SIBUTEIN0D
Ul POUTUIIISP 9I8M SPLIPAY WINTYIT] UTIBIDOSSIP JO
goTIsLI0)0R ey 3UT000 3y ‘4 40881 JO dumeradwa)
® J¢ [BLI9eW YUIS-18aY € ST apLIPAY Wnnpif jo
889URATIO8YIS TeTIUajod oy} BuTuTwrIalaep 0} UOTIppe Ul

(8611-Q ZLON TVOINHOZL VSVN)

*6L°0$ ‘@011d SLO

*dzz 'Z961 BN “TOWRIH O M2GOY Pue 98I0

10q0d D TVIIALVIN INIS-LVAH V SV IQRIAAH

WOIHLTT 40 NOLLVDLLSIANI TVININNAdXY
"UoTeXISTUTIpyY Oo.ﬁnmm pue BOTINBUOCISY TEUOTIEN .

8611-d NI VSYN

VSVN

("Boamponans “‘zg
{Tayjo ‘sTRIXdICIN ‘9T
1UoTNQLIISIP VSVN TRINUL)

8611-d N.L VSVN "I
0 12qoy ‘PPFIH I
39qod "0- ‘@8I0 I

U}BUTYSEM ‘ VEVN WOJJ SIQEUTeIqO S9Yd0D

* (33 bs) (005)

/md oF 03 0T Woay paduea syuswtredxa ay) 103 soxNy
ey ayl, -adouewrorrad Jur[ood 8y} ajenTeAd 0} SWT}
Surjeey JO UOKOUN] B SE POUTEI]O SIaM SIIUTBIUCD ay)
j0 seamjeredwa) frem  “ut 0T JO YI3uaT B pue "ul Z/1
JO J9)oUTETp & [ITA aqn) € sem adA) Jeyio oy By
‘UL ¢ pue SXENDS ‘Ul Z/1-T SeM IauTEIUOD JO 3d4) BUO
*d o0022 03 PojEesy SJUEISISaL A[Ieo111091e pue Iap
-mod aprapAy wmIQIT 30 86T M padaeyd sIauTEIU0D
Ul poUTWIIa}op dI9M IPLIPAY winTyyIr SuT)RID0SSIP JO
sons1IaoRIEyD SUTI000 a3 ‘d 40881 JO eanjeradura)
€} [YLIaJRW YUIS-)BOY € S 9pIPAY Wniyyy Jo
g8ouaAnVaxe Tepuajod ay) SutuTiaielep 0} UoTIppe ul

(86TT-A TLON TVOINHOHEL VSVN)

gL 0$ ‘oorad 81O

*dzz °2961 LTI ‘TOIPTH 'O 11290y pue ISIOW
eqoy ‘D IVIMALVIN JINIS-LVIH V SV JANAAH
WAIHLTT 40 NOLLVOILLSTANI TVINIWNH AdXE

*UOTJEXISTUTWIPY 9oed§ pue S8OTINEUCISY TRUOTEN.

8611-d N.IL VSVN

VSVN

(‘soamionIns ‘g
t1oqo ‘BrerIale ‘92

1uonNqUIISTP VSYN entul)

8611-d NL VSVN "IN
‘0 Moqoy ‘TOWTH "I
Weqoy D ‘esIoON I

UOUTYsEM ‘ YEVN WOJ] IGqRUTRIqO S31do)

(33 bs) (oes)

/Mg 0% 03 01 woxy paduel sjuomtaadxe ay) xoj saxny}
jeoy oyl ‘eoueuwnrolrad 3urTo0d 2y} 9)ENTEAS 0} dWITY
Surjesy JO UOTIOUN] B Se POUTEIO SI94 BIIUTEIUCD Y}
0 seamyeradwe) Tem Ul QT Jo WBusy B pue ‘Ul g/1
1O X3)aUreIp ® YA ogqn) B sem adf) Jajo oyl ‘ydry
‘ur ¢ pue axenbs ‘u 2/7-1 Sea Jourejucd Jo adfy suQ
*Jd ;0022 0} pajeay adurISTSAI Areornoare pue xap
-amod aprapAy wnTyy Jo 36T PIIA paBIeyd SIauTEUOd
Ul POUTUWII}AP SISA IPLIPAY WNTRI] FUTIETI0SSIP JO
SOTISLI0)ORIEYD BUT[00D o) ‘d 0881 JO dameradwa)
® J¢ [el19JeW FUIS-18aY € S apLIPAY WNTRHIT Jo
§S3UIATIOBJID TeNuUjod oy} SutuTwiIslap 0) UOTIIPPE Ul

(8611-d L.LON "TVOINHOHL VSVN)

'L 0$ ‘eotad SIO

*dgz "Z981 ABW °‘1OIOIH "O HI9QUY put 9SIO0W
MAqoy "D IVIMALVI JNIS-LVAH V SV AAJAAH
WAIHLIT 30 NOLLVOLLST ANI "TVINIWIH IdXA
*UOTIRIISTUTIIPY Qudﬁm pue SOINBUOISY TEUOT}EN -
8611-d N.L VSVN




LAl



